ABSTRACT: Acute catastrophic events, such as hurricanes, have various degrees of impact on marine mammal populations. Although changes in environmental conditions of affected areas have been examined for many storms, little attention has been given to the ecological effects on top-level predators. A longitudinal study on bottlenose dolphin Tursiops truncatus behavior and distribution in Mississippi Sound has been ongoing since 2003, allowing the unique opportunity to examine the impacts of the passage of Hurricane Katrina on this coastal dolphin population. Previous research showed an increase in reproductive rates within this population following Hurricane Katrina, most likely due to an increase in prey density following the sharp decline in commercial fishing efforts. In this paper, the frequency and distribution of dolphin foraging encounters in Mississippi Sound were examined from 2003 to 2009, revealing both short-and potentially long-term effects on dolphin foraging patterns following the hurricane. A pulse in dolphin foraging encounters was observed, which increased by ~15% in the 2 yr following the hurricane before returning to pre-Katrina levels. Statistically significant hot spots were identified through the use of the Getis-Ord Gi* hot spot analysis and revealed spatial shifts in foraging habitat consistent with prey selectivity. The results of this study support previous findings that coastal bottlenose dolphins in the southeastern United States are selective feeders, preferring to forage in deeper water known for soniferous prey species. Furthermore, this study presents important baseline information for future studies investigating other acute catastrophic events in Mississippi Sound, such as cumulative impacts following the Deepwater Horizon oil spill.
INTRODUCTION
Hurricanes cause catastrophic changes to coastal marine ecosystems. Strong winds, large amounts of precipitation, and storm surge can greatly alter the physical structure of existing shorelines and barrier islands. Water chemistry can be dramatically altered for weeks following a storm due to changes in salinity, resuspension of large volumes of sediments and nutrients (Allison et al. 2005 , Dreyer et al. 2005 , and large increases in contaminant input (e.g. chemicals, sewage, fuels, and pesticides; Burkholder et al. 2004 , Bassos-Hull & Wells 2007 . Subsequent increases in total nitrogen and phosphorus from contaminant loadings can lead to hypoxic environments (Burkholder et al. 2004 , Bassos-Hull & Wells 2007 , causing short-term changes in prey distribution and availability (Stevens et al. 2006 , Tomasko et al. 2006 ) and, in some cases, massive fish kills (Burkholder et al. 2004) .
The effects of such natural disasters on wildlife populations are poorly understood and difficult to assess due to the limited predictability of storm occurrence, course, strength, and location of impact. This is particularly true for wide-ranging and longlived marine megafauna, such as marine mammals, which require multi-year studies to be in place prior to a disaster to adequately measure effects. Some immediate and direct effects of hurricanes on marine mammals have been documented, such as the temporary displacement or stranding of individuals (e.g. dugongs Dugong dugon : Marsh 1989 ; pygmy killer whales Feresa attenuata: Mignucci-Giannoni et al. 1999 ; bottlenose dolphins Tursiops truncatus : Rosel & Watts 2008) . Other effects may manifest on a longer time scale, particularly if food resources are depleted or unavailable. For example, tropical storms have destroyed seagrass beds (a primary food source for dugongs), which has subsequently been related to increases in dugong mortality (Heinsohn & Spain 1974 , Preen & Marsh 1995 . Likewise, habitat destruction in important foraging areas following severe tropical systems is thought to have indirectly increased mortality in Florida manatees Trichechus manatus latirostris (Langtimm et al. 2006) . Studies as sessing hurricane impacts on the foraging ecology of cetaceans are greatly lacking, and to the best of our knowledge none has been reported in the literature. Given that the distribution patterns and behavior of cetacean species appear to be dependent on foraging habitat (see Würsig 1986 , Hastie et al. 2004 , Ashe et al. 2010 , it is important to identify these areas and the mechanisms that shape them to better understand potential impacts of hurricanes and other catastrophic events.
Hurricane Katrina devastated the coastlines of Louisiana, Mississippi and Alabama on 29 August 2005. With storm surge as high as 24 to 28 feet (7.3 to 8.3 m) along the Mississippi coast, Katrina is ranked the third most deadly and intense (ranked by pressure) tropical cyclone to make landfall in the period 1851 −2006 (Blake et al. 2007 . A project aimed at understanding the behavior and distribution of bottlenose dolphins in Mississippi Sound has been underway since 2003, showing regular use of this habitat by indi viduals on both a seasonal and yearround basis (Mackey 2010) , thus providing a unique opportunity to examine the impacts of a major hurricane on this coastal dolphin population. In a previous study, Miller et al. (2010a) investigated the effects of Hurricane Katrina on bottlenose dolphin reproduction, reporting an increase in the rate of calf sightings (calves km −1 effort), and in the percentage of calves to non-calves per group. The authors attributed this in crease in reproduction, in part, to a potential increase in prey abundance in the area following a widespread reduction in the purchase of commercial and residential fishing licenses, as well as large decreases in annual fisheries landings in GulfportBiloxi, Mississippi, in the year of the storm (7.4 million kg of fish reported in 2004 compared to 3.9 and 4.4 million kg in 2005 and 2006, respectively; National Marine Fisheries Service 2007) .
To complement the work of Miller et al. (2010a) and further explore the potential effects of hurricanes on bottlenose dolphin populations, the goals of this study were to (1) examine indirect evidence for an increase in fish abundance (i.e. dolphin prey) following Hurricane Katrina by means of foraging behaviors and comparison to reported fisheries landings, and (2) identify habitat usage related to dolphin foraging activities (dolphin foraging hot spots) before and after Hurricane Katrina.
MATERIALS AND METHODS

Study area
Mississippi Sound, hereafter referred to as 'the Sound,' is a relatively shallow (~3.0 m average water depth) coastal system that extends from Louisiana to Alabama, and is separated from the Gulf of Mexico by a series of 5 barrier islands located 15 to 20 km from the main coastline: Cat, Ship, Horn, Petit Bois and Dauphin Islands, which comprise the National Park Service's Gulf Islands National Seashore (Fig. 1) . These barrier islands exhibit various levels of erosion, as they are prone to absorbing storm surge and flooding from tropical systems. Ship Island was split into 2 islands (East Ship and West Ship) following Hurricane Camille in 1969; however, because the newly created pass (Camille Cut) was too shallow to survey, Ship Island was treated as a single barrier island for the present study. Aside from several patches of oyster beds, the topography of the Sound mainly consists of soft bottom substrates ranging from fine grain sand to mud (Moncreiff 2007) . These latter areas are ideal for supporting dense seagrass habitats, which are important foraging areas for numerous fish, seabird, and marine mammal species. Multiple mainland watershed sources from the north, combined with tidal exchange with the Gulf of Mexico contribute to a wide range of salinities across the Sound, which during the course of the study ranged from 6 to 41 ppt (mean = 23 ppt). Sea surface temperatures during the current study ranged from a low of 5°C in the winter to a high of 33°C in the summer, averaging an annual mean of 23°C. The average depth during each encounter in the current study ranged from 0.60 to 18 m, with a mean depth of 4.85 m. . The vessel circumnavigated each respective island at a distance of 1 to 1.5 km from shore. When a group of dolphins was spotted, the research vessel maneuvered toward the group and data collection began. A group of dolphins was defined as individuals within 100 m of each other and engaged in similar activities (Irvine et al. 1981) . At the beginning of a dolphin encounter, the time and location were determined using a Garmin GPSMap 76 global positioning device, and environmental conditions (e.g. weather, Beaufort sea state, depth, salinity, glare, and water and air temperature) were recorded. Behavioral data were collected throughout the duration of the encounter following an ethogram derived from Shane (1990; also see Miller et al. 2010b ; Table 1 ).
Data collection
From September 2003 to June 2006, behavioral data were collected using all-occurrence sampling (Altmann 1974) for behavioral events, while behavioral states were rank-ordered based on amount of occurrence during the observation period (determined once the encounter ended). From July 2006 through September 2009, behavioral data were collected using a combination of instantaneous sampling for behavioral states and all-occurrence sampling for behavioral events (Altmann 1974) . The behavioral state of the group (based on the activity of the majority of group members) was recorded at 1 min intervals. If the majority of the group was underwater at the interval, the behavioral state was recorded as the same as the state prior to submerging if it was the same upon the next surfacing (Mann 1999) . If the state differed upon the next surfacing, the behavioral state was recorded as 'Not Found'. Interobserver reliability was determined using previously recorded video footage of bottlenose dolphin behaviors observed in Mississippi Sound, which involved coding behavioral states, events, and group size estimates; interobserver reliability was held constant at r > 0.80 throughout the study period. Map of study area. Surveys were conducted on a random rotation around Cat, Ship, Horn and Deer Islands over a 6 yr study period. The 1 km buffer surrounding the islands represents the area targeted during surveys A given group was followed until (1) a minimum of 15 min of behavioral data was collected, (2) the dolphins disappeared from view and were not located again, (3) weather conditions deteriorated, or (4) the dolphins showed signs of disturbance. Upon ending an encounter, the time, location, group composition (presence/absence of calves), and group size were recorded. Group size included the minimum, maximum, and best estimate of the number of dolphins present with the consensus of the observers.
Data analysis
Ethogram data were reviewed for recordings of dolphin foraging behavior over the study period. To control for biases against longer encounters (i.e. greater opportunity to observe foraging) we only reviewed ethogram data from the first 15 min of each encounter. Due to the methodological changes in behavioral data collection, only presence/absence information were retained and used for analyses. An encounter was considered a foraging encounter and included in the analysis if 'Feed' or 'Probable Feed' were recorded as a behavioral state or if any other foraging events were recorded during the encounter (Table 1) . Of the total 266 survey days with 354 foraging encounters, 26 days (with 19 foraging encounters) were eliminated from the analyses due to incomplete data for survey effort calculations, the lack of encounters of any kind, or because of extremely short surveys (outliers). Analyses included the remaining 240 total survey days with 1049 encounters, 335 of which were considered foraging encounters (see Appendix 2 for survey effort). To have comparable time periods, our 72 mo study period was divided into 3 hur ricane phases of 24 mo each: Pre-Katrina 
Frequency of foraging encounters
Survey effort was accounted for by creating a foraging index for each survey day based on the proportion of foraging encounters to total encounters recorded relative to distance surveyed each day:
Foraging index = # Foraging encounters : # Total encounters Survey effort (km) SPSS was used to conduct a Kruskal-Wallis test on ranked data to examine significant differences in the frequency of foraging encounters (using the foraging index) between hurricane phases and several control survey variables: survey effort distance, average group size, and number of overall encounters per kilometers surveyed. Mann-Whitney U-tests, with a Bonferroni correction (α = 0.02; 2-tailed), were used for follow-up comparisons. Effect sizes (r) were calculated for significant comparisons. A Mann-Whitney U-test was also used to examine foraging behavior between seasons (α = 0.05; 2-tailed).
The reported decline in annual commercial fisheries landings in Gulfport-Biloxi in the year of hurricane Katrina (National Marine Fisheries Service Fish is thrown into the air by a dolphin using its melon, rostrum, or teeth. Lunge feed An accelerated forward motion at the surface that creates a wake moving the distance of approximately one body length. Getis-Ord Gi* hot spot analysis ArcGIS version 10.0 provides a statistically powerful hot spot analysis using the Getis-Ord Gi* statistic (Getis & Ord 1992) . The Gi* analysis calculates a Zscore for each feature in a set of weighted features (in the case of this analysis the weighted features were effort-corrected grid cells of 1 km 2 resolution). This Z-score (the Gi* statistic) indicates whether features with high or low values tend to cluster in a given area. Specifically, each feature is compared with neighboring features, and then by local summation compared to a global sum (all features in the study area); when this local sum is different from the expected local sum, and that difference is too large to be the result of random chance, a statistically significant Z-score is the result. If a feature's value is high and the values for all neighboring features are also high, it is part of a hot spot. Hot spots are defined as areas with statistically significant high Z-scores (p < 0.05), and conversely cold spots are areas of statistically significant low Z-scores (p < 0.05, ESRI ArcGIS Resource Center 2011a).
Effort-corrected survey data were parsed into multiple temporal splits to highlight any clustering patterns by season, year, and whether the data were temporally before or after Hurricane Katrina (see Appendix 1). Grid cells (1 km 2 ) were chosen based on encounters coded as foraging encounters following the methods previously mentioned. Encounters were recorded with a start and end latitude and longitude, thus allowing for centroid calculations for each encounter. The average length value of foraging encounters during surveys was 1014 m (or ~1 km).
Foraging sightings per unit effort (sightings km −1 ) for each grid cell were then produced by dividing the number of foraging encounters in each grid cell by the length (km) of trackline surveyed in that same grid cell. From these, the closest (by distance) 95% of sightings were retained. The farthest (by distance) 5% were dropped to minimize the impact of outlying areas that were rarely surveyed, preserving the integrity of the hot spot analyses given that the survey design was opportunistic. Incremental Spatial Autocorrelation (utilizing iteration of the Global Moran's I function) tools for all files were first seeded with the output of a preliminary Average Nearest Neighbor analysis (ESRI ArcGIS Resource Center 2011b), and then performed on all files in order to find distances at which, if present, autocorrelation is maximized (in this case, clustered foraging events). These distances were then included in custom Spatial Weights Matrices (again for each respective file). Spatial Weights Matrices allow for a tighter control over how the groupings of cells interact. For this analysis, a minimum of 8 neighbors for each cell were required (ESRI ArcGIS Resource Center 2011c), as well as a threshold distance (as determined with the Incremental Spatial Autocorrelation analysis) beyond which outer cells' influence decreased rapidly (inverse distance squared). If, however, 8 neighbors could not be found within the given threshold distance, the distance was temporarily extended in order to satisfy this rule. After these preparatory analyses were completed, the final Spatial Weights Matrix of each respective file was then used as the customized input parameter for the Getis-Ord Gi* analysis.
Mitchell (2009) points out that the independence of tests is inherently violated during the Getis-Ord Gi* (e.g. each cell's local calculations rely on other local cells), thus producing Type I errors. The Bonferroni correction (Quinn & Keough 2002) was employed in order to mitigate the chances of this happening. While the correction is somewhat conservative, the opportunistic nature of the data used in the analysis warranted conservative estimations. Finally, to be included in the results, a hot spot must have been surveyed in the Pre-Kat phase, as well as at least one Post-Kat phase to ensure that those particular cells that appeared as hot spots in one phase were surveyed again to allow for a fair comparison.
RESULTS
Frequency of foraging encounters
There was a significant difference in foraging between the 3 hurricane phases (H = 12.379, df = 2, p = 0.002, η 2 = 0.052) with a mean rank of 112.18, 141.29, and 106.42 for Pre-Kat, Post-Kat 1, and Post-Kat 2, respectively. The proportion of foraging encounters to total encounters for each of the Pre-Kat and PostKat 2 phases was ~25%, which is consistent with past evaluations of dolphin foraging behavior within the Sound (Mullin 1988) . However, this proportion was 40% in the phase immediately following Hurricane Katrina (Post-Kat 1), representing a ~15% increase in the proportion of fora ging encounters (accounting for effort) compared to PreKat (Table 2 ; Pre-Kat vs. Post-Kat 1) and Post-Kat 2 (Table 2 ; Post-Kat 1 vs. Post-Kat 2). There was no significant difference between Pre-Kat and Post-Kat 2 (Table 2, Fig. 2 ). Addi tionally, there was no significant difference in for aging between seasons (U = 6760.50, Z = −0.753, p = 0.451).
Considering our control survey variables, there were no significant differences in survey effort distance (H = 0.557, df = 2, p = 0.757) or average group size (H = 4.482, df = 2, p = 0.106) between each hurricane phase. However, the total number of encounters, accounting for effort, differed significantly across hurricane phases (H = 9.435, df = 2, p = 0.009, η 2 = 0.04). There were fewer total encounters in Post-Kat 2 than in Post-Kat 1 (Table 2 ), but no differences between Pre-Kat and Post-Kat 1, or Pre-Kat and PostKat 2 hurricane phases (Table 2 ). Finally, although the effect was small, a significant correlation was found between the fisheries landings data and the foraging indices (r = −0.217, p = 0.035, n = 70; e.g. Fig. 3 ).
Getis-Ord Gi* hot spot analysis
Cells were retained for analysis if they contained at least one foraging event. In all, 335 foraging events were identified within 233 cells: 65 in the Pre-Kat phase, 106 in Post-Kat 1, and 62 in Post-Kat 2 (Fig. 4) . After applying the Bonferroni correction, however, only 3 significant hot spots remained (Fig. 5) . Two hot spots occurred in the Pre-Kat phase (Bonferroni corrected p-value < 0.001), a single hot spot was identified in the Post-Kat 1 phase (Bonferroni corrected pvalue < 0.0005), and no hot spots were found during the Post-Kat 2 phase (Bonferroni corrected p-value < 0.001). No seasonal hot spots were found within the seasonal split analysis. Though only 3 cells are identified as hot spots, each cell uses other cells within the foraging dataset to be calculated and so these hot spots are derived from information inherent within many cells. While the results only highlight 3 hot spot cells, the opportunistic survey design we used warranted a highly parsimonious approach to analysis.
DISCUSSION
Dolphin foraging activity increased significantly following the passage of Hurricane Katrina and remained elevated throughout the Post-Kat 1 phase (Fig. 6) . These results suggest that there may have been an increase in feeding opportunity, prey abundance, and/or a need for increased food consumption following the hurricane; however, it is difficult to determine the mechanisms that resulted in increased foraging. the storm likely resulted in increases in abundance of prey. This is supported by the significant negative correlation between foraging indices and the fisheries landings data over the course of the study (see Fig. 3 ). Furthermore, there was a documented decrease in both the purchase of statewide commercial and residential fishing licenses and in annual fisheries landings specific to Gulfport and Biloxi (National Marine Fisheries Service 2007 , Miller et al. 2010a , suggesting a potentially prominent influence on prey availability and/or feeding opportunity in the study area following the hurricane. Similar effects were seen in Boca Ciega Bay, Florida, where sightings of bottlenose dolphins and calves significantly increased following the 1995 Florida net ban (Eide 1998). Likewise, the observed in crease in foraging activity (and decrease in fisheries effort) corresponds to a reported overall increase in dolphin fecundity within the Sound (Miller et al. 2010a ; our Fig. 6 ) following the hurricane, indicating there may have also been an increased need for food consumption. Females in the late stages of pregnancy and lactating females require much higher energy levels for milk production than nonreproductively active adults (Reddy et al. 1991) and therefore consume higher quantities of food during this time (Kastelein et al. 2002) . It is unknown whether calf survivorship and/or overall reproductive success of females in the Sound also increased but evidence suggests that there was enough food to at least support a temporary increase in feeding needs. While an increase in observed foraging activities is not always indicative of an increase in prey consumption, there is enough evidence to suggest that this was the case following the hurricane (PostKat 1 phase).
In addition to the observed changes in the frequency of foraging encounters following Hurricane Katrina, each of the significant foraging hot spots were concentrated near Cat Island suggesting this area might be a preferred foraging habitat for dolphins. Cetacean distribution patterns are at least partially dependent on habitat features (Gowans & Whitehead 1995 , Baumgartner 1997 , Davis et al. 1998 , Redfern et al. 2006 , and these features seem to be clear mechanisms in shaping preferred foraging habitat. For example, bottlenose dolphins near San Diego, California forage in nearshore reefs and kelp beds in a manner that reflects known prey distribution (Hanson & Defran 1993) . Likewise, bottlenose dolphins within the Moray Firth, Scotland have displayed seasonal variation for preferred foraging habitat, feeding over deep water and steep seabeds in summer months and moving to more shallow foraging areas during the winter (Hastie et al. 2004) . For dolphins in the southeastern United States, most of the literature reports foraging activity that is directly associated with seagrass habitat (see Shane 1990 , Waples 1995 , Scott et al. 1996 , Barros & Wells 1998 .
The northern shores of the Mississippi barrier islands were once prevalent with seagrass, with Cat Island having the greatest seagrass coverage and potential seagrass habitat of all the barrier islands within the Sound (Moncreiff 2007) . However, seagrasses within the Sound have declined nearly 50% over the last 5 decades due to declining water quality and an increase in turbidity, rather than storm impacts (Moncreiff et al. 1998) . In fact, recent evidence suggests that Hurricane Katrina had variable effects on seagrass beds in this region (Anton et al. 2009 , Carter et al. 2011 . For example, from 2003 through 2007, Cat Island seagrass habitat more than tripled in size, growing from 22 ha to 71 ha (Carter et al. 2011 ). This growth seems to correspond with the shifts in foraging hot spots we observed at Cat Island; as seagrass extent increased, dolphins shifted their preferred foraging habitats to deeper waters (see Fig. 5 ). While these results contradict what historic literature reports with respect to preferred seagrass foraging habitat, more recent studies support this suggestion. For example, a fine-scale analysis of foraging habitat near Clearwater, Florida showed coastal bottlenose dolphins not only preferred foraging in natural and dredged channels rather than seagrass habitats, but that these areas had larger and more abundant amounts of pinfish Lagodon rhomboids, a preferred prey item (Allen et al. 2001) . A similar study also incorporating stomach content data showed that dolphins in Sarasota Bay, Florida also target soniferous prey species that prefer deep water areas as opposed to seagrass habitat (Berens McCabe et al. 2010 ). Carbon isotope values taken from stranded dolphins in Sarasota Bay following the 1995 Florida net ban had shifted in a manner that was consistent with a decreased use of seagrass habitat; that is, when not in competition with commercial fisheries, coastal bottlenose dolphins exploited prey that were not as dependent on seagrass derived carbon (Rossman et al. 2011) .
Similar influences may have been at play in the current study. The increase in foraging behavior following the hurricane also corresponds with the slight shift in foraging hot spots from known seagrass habitat during Pre-Kat (~0.30 to 1.0 m in depth) to a deeper area (~5.0 m in depth) during Post-Kat 1 (Fig. 5) . Seagrass habitats can significantly alter the transmission of bioacoustic signals and can provide an acoustic refuge for many smaller and juvenile soniferous prey species (Wilson et al. 2013) . Given that bottlenose dolphins use both active and passive acoustic means of locating prey, it may be more energetically costly to target the smaller species inhabiting these areas than the larger prey found in alternative habitats (Gannon et al. 2005 , Nowacek 2005 ). These combined factors may support the growing notion that bottlenose dolphins are selective feeders, rather than opportunistic, preferring a foraging habitat known for larger, soniferous fish species when prey are likely more abundant (Barros & Wells 1998 , Gannon et al. 2005 , Berens McCabe et al. 2010 , Rossman et al. 2011 .
The lack of foraging hot spots and overall decrease in both the total encounters and number of foraging encounters during Post-Kat 2 could be related to several factors. For example, seagrass habitat is indirectly linked to the health of coastal dolphin populations and the degradation of these areas likely elicits shifts in bottlenose dolphin foraging strategies. Recent dredging activities in the main shipping channel between Cat and Ship Islands is thought to have caused substantial erosion along the southern spit and eastern shoreline of Cat Island -which was weakened significantly following Hurricane Katrinaleading to a clockwise rotation of the island's perimeter (the sediments were transported by currents and deposited along the northern and western shorelines of the island; Fritz et al. 2007 , Morton 2008 ) and a potential loss in seagrass habitat. This, combined with in creased competition with commercial fisheries -annual landings for Gulfport-Biloxi more than doubled from 2007 to 2008 (National Marine Fisheries Service 2012b) -could explain the overall decrease in foraging encounters and complete lack of foraging hot spots during Post-Kat 2. Furthermore, the later end of the Post-Kat 2 phase is only a few months prior to the start of a widespread and ongoing (as of June 2013) unusual mortality event (UME) for Northern Gulf of Mexico cetaceans, which began in February of 2010 (NOAA Fisheries 2013). Between 1 February and 29 April 2010, 114 ceta ceans stranded, a vast majority of which were bottlenose dolphins. Since these strandings took place prior to the response phase for the Deepwater Horizon oil spill, there is evidence suggesting many stressors may have already been acting on Northern Gulf of Mexico dolphin populations prior to the spill. For example, physiological stress from an unusually cold winter in 2010 combined with bacterial infection and depleted food resources are all thought to be responsible for the weakened body condition and poor overall health of stranded bottlenose dolphins during the said UME (Carmichael et al. 2012) . The observed decrease in foraging (compared to Post-Kat 1) and lack of hot spots found in the Post-Kat 2 phase may be related and have carried over into the 2010−2012 cetacean UME. Furthermore, one year after the PostKat 2 phase (during summer and fall 2010), there were reports of genetic and physiological damage in nearshore fishes and declines in planktivorous fishes, suggesting a reduction in the dolphin prey base following this study (Whitehead et al. 2011 , Patterson unpul. data as cited by Carmichael et al. 2012 . As such, the present study provides an important baseline to examine how foraging patterns and behavior may have been modified with the UME and Deepwater Horizon oil spill.
Evidence was provided earlier that dolphins may be selective feeders, but little is known about how this may vary between different geographical or behavioral stocks that utilize the study area and subsequently how these interactions might relate to this hot spot analysis. The study area includes 2 of the 6 bay, sound, and estuary management stocks in the Sound and likely overlap with the northern coastal stocks.
2 Inshore and coastal animals may be expected to target different kinds of prey in the same area. For example, Gannon & Waples (2004) found marked differences in the diets of bottlenose dolphins that stranded in estuarine (croaker Micropogonias undulatus dominated diets) versus oceanic waters (weakfish Cynosicon regalis and squid Loligo sp. dominated diets) in North Carolina. Likewise, marked differences in carbon, nitrogen and sulfur isotopic signatures were found between animals stranded in bay, nearshore and offshore waters surrounding Sarasota Bay, Florida (Barros et al. 2010 ), suggesting differences in targeted trophic levels of prey and in the degree of seagrass dominated habitats utilized between inshore and coastal communities. Similar to other areas in the Gulf (Florida: Irvine et al. 1981 , Wells et al. 1987 , Barros & Wells 1998 , Balmer et al. 2008 Texas: Fertl 1994 , Maze & Würsig 1999 , a portion of the dolphin population uses the study area on a regular basis, both year-round and seasonally (data from 2004 Mackey 2010) . However, it has been estimated that a majority (73.5%) of individuals identified within the study area are transients (Mackey 2010) , suggesting this location may be more of a transit area rather than a residential habitat for a closed or semi-closed dolphin population (e.g. Sarasota Bay, Florida: Irvine et al. 1981 , Wells et al. 1987 ). As such, it is possible the Sound may be used as a foraging stopover for migratory and/or seasonal animals, particularly for pregnant or lactating females. More research is needed to examine dynamics between seasonal, resident and transient groups to determine if similar patterns emerged between inshore and coastal communities in the Sound compared to other areas. Stable isotope analyses are becoming more commonly used to dif-ferentiate foraging preferences (Walker et al. 1999 , Worthy et al. 2011 ) as well as stock structure (Born et al. 2003 , Witteveen et al. 2009 ) and could be utilized to greatly improve understanding of these dynamics in this area and how they relate to foraging hot spots.
Hurricane Katrina occurred at a time of year when dolphin abundance in the Sound is at its peak and when many coastal animals are expected to be closer inshore (Hubard et al. 2004 , Miller et al. 2012 . Combined with the subsequent decline in fisheries and vessel activities, there may have been a large disruption in the local group structure and social patterns during that time (e.g. Ansmann et al. 2012) . Regardless of any potential short-term impacts on local group dynamics immediately following the hurricane, long-term impacts may be less adverse. For example, dolphin populations utilizing Charlotte Harbor, Florida demonstrated surprising resilience with few longterm changes in population dynamics 2 years following a major hurricane (Bassos-Hull & Wells 2007) . Additionally, if dolphins from neighboring areas immigrated into the study area following the hurricane (e.g. Elliser & Herzing 2011), we may have observed an artificial increase in foraging activity. A population increase, however, would likely have been reflected in an increase in group size and/or number of encounters per survey-neither of which were observed in the current study. Moreover, there was no significant increase in the number of new dolphin identifications following the storm (Mackey 2010) and abundance and density estimates in 2007− 2008 (Miller et al. 2012 ) were similar to those many years prior to the storm (Hubard et al. 2004) .
We cannot eliminate the possibility of hot spots existing mid-Sound or near Deer or Horn Islands. Survey effort was not evenly distributed throughout the study area since the research focus was on the nearshore waters bordering the barrier islands. Additionally, the survey area was not of consistent size throughout the study given the rotation of Deer and Horn Islands toward the end of the study period. Although the lack of historic seagrass coverage midSound (Moncreiff 2007 ) makes hot spots in these areas unlikely, Horn Island once had comparable seagrass coverage to that of Cat Island (Moncreiff 2007 , Peneva et al. 2008 ; it is possible that preferred foraging habitat shifted from Cat Island to Horn Island, since Horn Island was surveyed only 3 months during the Post-Kat 2 phase, explaining why we observed fewer overall encounters during PostKat 2 than during the Post-Kat 1 phase. To eliminate this possibility in future studies, dedicated markrecapture surveys should be conducted using transects across the entire Sound -rather than just targeting the barrier islands -ensuring equal effort across the study area.
Bottlenose dolphin foraging habits are dynamic over time, often with changes in both the frequency and distribution of foraging activities likely driven by cumulative effects derived from natural and anthropogenic factors. The temporary cessation of commercial fishing activities as a result of hurricane related damage and debris led to an increase in prey abundance, as evidenced by the increase in foraging encounters. Additionally, the spatial shifts in preferred foraging areas during this time support the growing theory that bottlenose dolphins are selective feeders. The data and subsequent results presented here were derived from surveys that were not designed with the objectives of the current study in mind, and although the post-hoc nature of the study warranted relatively high conservative thresholds for hot spot identification, this method should be considered by future researchers when identifying areas of concentrated usage by marine mammals. Furthermore, few published data regarding past environmental variables relative to the Mississippi Sound eco logy were available during the course of the study. Future surveys that incorporate systematic prey sampling, bathymetry, hypoxia conditions and seagrass extents, as well as better knowledge of bottlenose dolphin stock structures in the area, can close past data gaps and better address the conclusions presented here. Finally, this study presents important baseline information on the foraging behavior of bottlenose dolphins within Mississippi Sound that can be applied to future studies on the effects of the Deepwater Horizon oil spill. This event, contrary to Hurricane Katrina, likely caused long-term ad verse effects within Mississippi Sound, and should galvanize future research examining the impacts of both natural and anthropogenic catastrophic events, as well as those cumulative factors discussed here and their role in impacts on marine mammal populations. 
